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The solution of porous cooling problems by an approximate method using electronic com- 
puters is considered. 

Porous  mater ia ls  are  used most  often in such construct ions as heat exchangers,  turbine buckets, etc. 
The extensive usage of these mater ia ls  is associated with the possibi l i ty of effective cooling of the appara-  
tus walls because of f i l trat ion of the fluid or  gas through the porous body. 

Questions of the analytical computation of the t empera tu re  fields during porous cooling and evapora-  
tive cooling through the pores  have been examined in [I-5]. A solution of the s teady-s ta te  problem of heat 
propagation in a plate during porous cooling is given in [1], where it is shown that the t empera tures  of the 
solid skeleton of mater ia l  and the fluid being fil tered are  hardly different at any point of the porous s t ruc-  
ture.  This resul t  is quite essential  since the analysis of the hea t - t r ans fe r  p rocess  under considerat ion 
can be simplified greatly.  Results of an analytical solution of the nonsteady-s ta te  problem of computing 
the tempera ture  fields of a porous plate are  presented in [3]. 

It must be noted that existing analytical solutions of individual problems are  not often successful ly  
represented  in a form convenient for pract ica l  utilization. Hence, we have solved the nonsteady-s ta te  
porous cooling problem by an approximate method. The basic aim of such computations is to compare  the 
resul ts  of the analytical solution of the nonsteady-s ta te  problem [3] with the resul ts  of the approximate 
method. 
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Fig. I. Change in the tempera ture  of a porous plate 
surface for  Bi = I :  a) f rom the entrance of the cool- 
ant: solid lines) approximate method of computation; 
dashes) analytical computation; b) f rom the hot 
s t r eam (the resul ts  of the approximate and analytic 
methods coincide). 
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Fig. 2. T e m p e r a t u r e  p ro f i l e s  fo r  ]3i = 1. a:  1) g = 1; 
2) 0.1; b: 1) g = 2 ;  2) 5; 3) 0.01. 

The problem is formulated thus: initially, an infinite plate of finite thickness 5 has the identical 

temperature T i everywhere. A coolant (liquid or gas) in a reservoir at a temperature T l = T i proceeds 

from the domain x << 0 into the plate at x = 0 and flows through the porous material at the constant mass 

flow rate G l . Prior to the beginning of the porous cooling process the coolant in the reservoir and the 

porous wall are in thermal equilibrium at the temperature T i. Then at the time ~- = 0 the plate is suddenly 

subjected to the effect of the surrounding gas medium with the constant temperature T m > T i at x > 5. The 

coefficient a of convective heat exchange from the hot gas to the plate surface is assumed constant and 

homogeneous over the surface for x = 6. 

The differential equation describing the nonsteady-state process of the change in temperature of the 

porous plate during cooling is for this problem 

ks O~l" cz Gl OT aT (1) 
Ox - - - Y - -  ' F ax q Ps 0-%- 

Here  T(x, T) should sa t i s fy  the fol lowing boundary  and initial condi t ions:  

0 1 
kS~x T(O, '~)-=c tG z [r(o, ~c)--T z l--fi--; 

k~ o _  r (6, ~) = ~ IT m - T  (~, ~)l; (2) 
Ox 

r (x, O) = T~ . 

A genera l  solut ion of (1), r e p r e s e n t e d  in d i m e n s i o n l e s s  f o r m  in c o n f o r m i t y  with [3] will be 

= Bi exp I - -g (1  --~)1 

1 
g 

• --iT-- sin M,,~ + cos M,~ . 

Here 
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F i g .  3. T e m p e r a t u r e  p r o f i l e s  fo r  g = 1: 1) Bi = 0.1; 2) 
O.5; 3) 10. 

F ig .  4. T e m p e r a t u r e  p r o f i l e s  f o r  gas  f i l t r a t i o n :  s o l i d  
l ine)  G l = 5 �9 10 -3 k g / s e c ;  d a s h e s )  Gl = 1 . 1 0  -3 k g / s e c ;  
T~a s = 373~ Tin  i = 283~ 6 = 1 . 1 0  -3 m; F = 0.58 
�9 1~0 -2 m2; k s = 2.8 W / m - d e g ;  e = 0.55; e s = 0.531 �9 103 
J / k g .  deg.  

and the quan t i t y  M n is d e t e r m i n e d  f r o m  the  equa t ion  

= Bi. 

The me thod  of e l e m e n t a r y  t h e r m a l  b a l a n c e s  is  u sed  to s o l v e  th i s  p r o b l e m .  The p r o e e s s  of t e m p e r a -  
t u r e  v a r i a t i o n  in the  p o r o u s  p l a t e ,  a s  d e s c r i b e d  by  (1) wi th  the  b o u n d a r y  and in i t i a l  eond i t ions  (2), can  then  
be  e x p r e s s e d  by  the  fo l lowing  s y s t e m  of d i f f e r e n t i a l  equa t ions  

(cGs) dT~dw -- Z s ( 1 - - H )  F A x  (T2--T1)--clGz (Ti--TI ); 

dT2 )~s(1 --H)F (T _ T~) + ~ , s (1 - -H)F . (Ta__T~)__c lGz  (T2--T~); 
(qc~) d ~ - = - -  Ax 6x 

dT,,. s (1 - - H ) F  (T.--T~_~)-~- 
(qc~) d ~ - - = - -  Ax " 

- b  _~'s (1  - -  H)F (T~+~ --Tn) --c l G z (T,~ - -  T ,~L~) ;  ( 3 )  
Ax 

(csGs) dTn+~ = s (1 --H) F (Tn§ ~ __ T,~) -~ aF (Tm - - T n + l ) -  c z G l (Tn+ 1 - -  T,~.). 
d ,  hx 

N u m e r i c a l  i n t e g r a t i o n  of the  s y s t e m  of d i f f e r e n t i a l  equa t ions  ob ta ined  was  c a r r i e d  out  by  the  E u t e r  
m e t h o d  on a M i n s k - 2 2  e l e c t r o n i c  c o m p u t e r .  The r e s u l t s  of c o m p u t a t i o n s ,  e x p r e s s e d  in d i m e n s i o n l e s s  
f o r m ,  a r e  r e p r e s e n t e d  in F i g s .  1-3 .  The c o m p u t e d  quan t i t i e s  ob ta ined  fo r  d i f f e r e n t  p o r o u s  p l a t e  t h i c k -  
n e s s e s  and r e p r e s e n t e d  in d i m e n s i o n l e s s  f o r m  a r e  s u p e r p o s e d  e x a c t l y  and a g r e e  wel l  wi th  the  r e s u l t s  of 
the  a n a l y t i c  so lu t ion �9  Such c o r r e s p o n d e n c e  is  a c h i e v e d  b e c a u s e  of the  s u f f i c i e n t l y  high v a l u e  of the  r a t i o  
5/Ax and the s m a l l  va lue  of the  i n t e g r a t i o n  s p a c i n g  A t .  

We a l s o  c o m p u t e d  the f i l t r a t i o n  of hot  d r y  a i r  t h rough  a p o r o u s  body  into a vacuum.  The t e m p e r a t u r e  
p r o f i l e s  ob ta ined  by  the  n u m e r i c a l  s o l u t i o n  of (1) unde r  the  fo l lowing  b o u n d a r y  and in i t i a l  cond i t ions  
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~,s ~x T(O, "O=cz %[T(O,  "r)--Tl ]; 

~s 0__ T (8, ~) = ~C0 { T (6, ~)~4 (4) 
ax \ 100 / ' 

T(x, O)----Tl. 

are shown in Fig. 4. It must be noted that the solution of porous cooling problems by an approximate method 
by using an electronic computer affords the possibility of performing computations with a broad variation 
in the initial parameters. 
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NOTATION 

lS the t e m p e r a t u r e ,  ~ 
xs the specif ic  heat  of the fluid, J / k g .  deg; 
is the specif ic  heat of the porous  ma te r i a l ,  J / k g -  deg; 
is the coefficient of heat  conduction of the porous  mate r ia l ,  W/ re .  deg; 
~s the t ime,  sec;  
is the porous  plate th ickness ,  m; 
is the coefficient of convective heat exchange, W / m  2. deg; 
is the weight of the i - th  l ayer  of a porous  element ,  kg; 
is the a r e a  of the plate ,  m2; 
is the m a s s  flow ra te ,  kg / sec ;  
is the poros i ty ;  
is the th ickness  of the i - th  porous  e lement ,  m; 
m the densi ty  of the porous  ma te r i a l ,  kg/m3; 
~s the emiss iv i ty  of the porous  ma te r i a l ;  
is the radia t ion  coefficient  of an absolute ly  black body, W / m  2- deg4; 
is the d imens ion less  t empera tu re ;  
is the d imens ion less  running coordinate;  
is the t e m p e r a t u r e  conduction of the porous  ma te r i a l ;  
is the F o u r i e r  number;  
is the Blot number;  
is the d imens ion less  fluid flow ra te .  
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